Opacification of the coronary arteries has been accomplished by direct needle puncture of the ascending portion of the thoracic aorta via a suprasternal approach and injection of highly-concentrated radiopaque medium. Experience with 35 attempts in 31 patients at such coronary opacification is described. The electrocardiographic observations, the reactions, and the complications incident to the study are discussed. In 1945 Radnler8 reported rather unsuccessful attempts at coronary opacification by direct needle puncture of the aorta through the sternum. Hoyos and Del Campo,`" in 1948, reported opacification of the coronary arteries by a left parasternal needle puncture of the ascending aorta. Wickbom,10 in 1952, introduced a technic of "thoracic aortography after direct puncture of the aorta from the jugulum," but he did not mention coronary artery opacification, except in his report of 1 fatality resulting from his procedure."
reactions, and the complications incident to the study are discussed. Thirteen of the 31 patients had some type of intrapericardial cardiac surgery subsequent to this procedure, and the surgical observations regarding the status of the coronary arteries are compared with the coronary arteriographic findings.
T HE DEVELOPMENT of a satisfactory method of radiologic visualization of the coronary arteries in man has become of increasing importance with the advent of direct surgical approach to disease of these vessels." ' Previous efforts to opacify the coronary arteries in man include angiocardiography, catheter aortography, cardiac ventriculography, and direct transthoracic needle puncture of the aorta. Angiocardiography only occasionally deinonstrates the coronary arteries, basically because the injected opaque medium is too greatly diluted by the time it reaches the ascending aorta. The opaque medium in the cardiac chambers in considerable measure also obscures the coronary vessels. 3 Injection of opaque medium through a catheter introduced into the ascending aorta by way of a carotid, radial, or brachial artery, to effect entry of the opaque material into the coronary arterial system, has produced opacification of the coronary arterial vessels. [4] [5] [6] Catheter aortography necessitates a cut-down exposure of the vessel through which the catheter is passed and thus introduces possible undesirable sequelae incident to repair of the vessel opening.
Cardiac ventriculography can effect opacification of the coronary arteries, as reported by Lehman, Musser, and Ljykens. 7 Since in left-sided cardiac ventrieulography the opaque medium is injected directly into the left ven- In 1945 Radnler8 reported rather unsuccessful attempts at coronary opacification by direct needle puncture of the aorta through the sternum. Hoyos and Del Campo,`" in 1948, reported opacification of the coronary arteries by a left parasternal needle puncture of the ascending aorta. Wickbom,10 in 1952, introduced a technic of "thoracic aortography after direct puncture of the aorta from the jugulum," but he did not mention coronary artery opacification, except in his report of 1 fatality resulting from his procedure."
The suprasternal approach to direct puncture of the left atrium and of the ascending aorta to obtain left atrial and aortic pressure recordings, as reported by Radner,'2 suggested to us the possibility of coronary artery opacification by injecting a highly concentrated radiopaque medium through a needle introduced into the ascending aorta via a suprasternal approach, and advancing the needle until its tip was near the coronary ostia. The patient is placed in supine position, with head and chin in complete extension and rotated to the right, the head actually being suspended over the filming device. From films obtained with the patient in this position, and from conventional preliminary chest films, the position of the aseending aorta, the approximate level of the aortic valve, and the most suitable roentgenographic factors are determined.
The patient is given 100 mug. of pentobarbital by mouth 1 hour prior to the procedure, followed 1/2 hour later by 50 mg. of meperidine, hypodermically.
At the site of needle insertion, we apply cutaneous procaine anesthesia and extend it subcutaneously below the level of the suprasternal notch. With a continuous dribble of saline solution flowing through the needle, the needle is introduced through a eutaneous stab wound approximately 3.0 cm. above the suprasternal notch. The saline dribble is then shut off and the eleetromanonieter is adjusted to record pressure waves. The needle is passed in the midline behind the manubrium toward the ascending aorta ( fig. 1) 3 . In these 3 instances no opaque medium was injected because of failure to obtain satisfactory needle puncture of the ascending aorta. Ini 1 additional (ase, the needle was believed to be in the aseenidinig aorta; however, film study revealed it to be actually in the main pulmonary artery and this latter vessel was unintentionally opacified.
Of the 31 injections of opaque substance into the aorta, satisfactory needle puncture of the ascending aorta wsas accomplished with 1 needle pass in '0; in 5 instances satisfactory placement of the needle required 2 passes; iii 3, 3 passes were required; in -2, 4
were necessary; and in 1 excamination, satis-factory placement of the needle necessitated 7 passes. Of the 11 examinations requiring more than 1 needle insertion, the pulmonary artery (as judged by the pressure wave recordings) was entered on 2 occasions.
Of the total of 31 patients, 4 had repeat examinations. One repetition was because of failure to puncture the aorta satisfactorily the first time. In another patient, the second study was performed after surgical implantation of the internal mammary artery into the myocardium (Vineberg procedure), in order to evaluate the patency of the implanted internal mammary artery. In a third patient, the second examination was performed because marked dilatation of the ascending aorta resulted in such dilution of the opaque solution that the coronary arterial system was poorly opacified; the procedure was repeated with a larger amount of opaque solution. In the fourth patient the injecting syringe collapsed at the first examination with delivery of insufficient opaque solution.
The primary purpose of the procedure was the visualization of the coronary arterial system in 23 of the 35 examinations. In 11 examinations the principal objective was the quantitation of aortic insufficiency; in 1 study, the main objective was to demonstrate a suspected patent ductus arteriosus. In the patients who had clinical features suggestive of coronary artery disease, the examination was performed to demonstrate whether the proximal portions of the coronary arteries were involved by atheromatous narrowing or occlusion.
Our procedure does not permit siinultaneous multiple electrocardiographic leads; so lead II was routinely used. Of the 31 injections of radiopaque medium into the aorta, 14 showed no change in the electrocardiogram throughout the procedure. At the time of needle insertion into the aorta, there were 7 instances of electrocardiographic changes: 1 instance of sinus tachycardia, 1 of a single ventricular premature contraction; in 1, 3 ventricular premature beats; 2 instances of several atrial premature beats; 1 occasion of short runs of both atrial and ventricular tachycardia; and 1 occasion of RS-T segment elevation. Immediately at the injection of opaque medium, there were 3 occasions of minimal T-wave inversion; 1 instance of a single ventricular premature beat, and 1 occasion of sinoatrial block which persisted for 10 minutes. In the period after injection, we observed 9 occasions of sinus tachycardia, all of short duration. Seve-al seconds of sinus bradyeardia frequently priceed the tachycardia. There were also 1 occasion of a single ventricular premature contraction in the postinjection period, 1 instance of RS-T segment depression for 3 minutes, and 3 instances of T-wave inversion, lasting 1 to 3 minutes.
The most common subjective reaction was a sensation of heat and flushing. Occasionally, nausea and, less frequently, vomiting occurred. Such reactions were temporary, rarely lasting more than 60 seconds, and in no instance were they alarming. Mild headache, lasting no more than a half hour, occurred 4 times. There has been 1 episode of slight hypotension following injection of the radiopaque medium.
No clinical manifestations occurred suggestive of cerebral dysfunction or damage. In no case, to our knowledge, did the procedure precipitate a myocardial infaretion or an anginal episode. The majority of patients complained of slight to moderate substernal discomfort, usually lasting less than 24 hours. In a few patients, this was present for several days and 1 patient complained of discomfort for 1 week. We have encountered 1 instance of pneumothorax. In this patient, we attempted 3 needle passes to the aorta, without success. No opaque medium was injected. The patient developed hypotension, and x-ray revealed a small pneumothorax on the right. There was no known instance of needle laceration of the aortie sinuses, the aortic valve, or the coronary artery.
In 2 patients the films revealed that a very small amount of the radiopaque medium, estimated as no more than 1.0 ml., entered the right lateral aortic wall at a point about 3.0 to 5.0 em. above the aortie valve. The needle tip was very close to the intiina of the aorta, and it is believed that this amount of opaque material was injected into the aortie wall. Coronary Arteriograms (Fig. 2) . Marked aortic regurgitation. Right coronary artery: Poor visualization, no evident lesion. Left coronary artery: Good visualization, no evident lesion.
Surgery. Open aortic annulus plication for aortic regurgitation. Normal coronary arterial system. Comnmenit. Good correlation of coronary arteriography with surgical findings. Case 6 Male, age 31 years. Clinical diagnosis: Aortic stenosis.
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